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(57) ABSTRACT

The present disclosure relates to a system in space for rein-
forcing photosynthesis on earth, comprising a satellite with at
least one first optical assembly intended for collecting sun-
light, the position of which is stationary; a second optical
assembly, smaller in size and with less inertia than the first
optical element, intended for retransmitting the collected
light with higher density of the retransmitted flux density than
the collected flux density, and with an adjustable orientation;
a remotely controllable means capable of adjusting the ori-
entation of the second optical assembly; and a light-transmit-
ting means which transmits the collected light from the first
optical assembly to the second optical assembly. The second
optical assembly retransmits light only in specified frequency
hands around 450 nm and 660 nm.
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1
SYSTEM IN SPACE FOR REINFORCING
PHOTOSYNTHESIS AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This is a national phase application under 35 U.S.C. §371
of PCT Application No. PCT/FR2009/052248, filed Nov. 23,
2009, which claims the benefit of French application No.
08/06609 filed Nov. 25, 2008, the contents of which are
expressly incorporated herein by reference.

FIELD OF ART

The present method, system and device relates to a sunlight
retransmitting satellite, as well as applications using one or
more satellites of such a type.

Although not exclusively, the present method, system and
device more particularly aim at lighting up, by means of
sunlight, in particular by night, a geographical surface area of
the Earth globe having a large area, for example several tens
of square kilometers.

BACKGROUND

It is known that a mere sunlight reflector mounted on a
satellite is not able to light up such a surface area of the Earth,
unless using a reflector with a very large area, then supposing
very high mass and inertia with all the (implementation, cost,
positioning, etc.) problems resulting therefrom. As an illus-
tration, should a surface be lit up of approximately one hun-
dred square kilometers on the Farth, a reflector should
undoubtfully be provided having its surface area of the order
of several thousands of square meters if a total power of
several megawatts was to be available. Now, a reflector (a
mirror) with such a surface area would not only be difficult to
achieve and to put in orbit, but would have such inertia that a
possible re-pointing would require a powerful propelling sys-
tem and would be quite time consuming. Thus, it would be
difficult to regularly carry out repointings, so that it would be
hardly conceivable to frequently modify the area to be lit up.

Furthermore, the document U.S. Pat. No. 5,019,768 dis-
closes a system for transmitting micro-waves from the Moon
to the Earth, using a micro-wave reflector being placed in
orbit around the Earth and sending back to the Earth a radia-
tion received from the Moon. Such a reflecting satellite is not
able to light up a large surface area of the Earth.

SUMMARY

The present method, system and device aim at remedying
the above mentioned drawbacks. It relates to a sunlight
retransmitting satellite enabling to retransmit sunlight to a
celestial body, in particular, with the aim of lighting up a large
surface area of such a celestial body, including of the Earth,
such an area being able to be easily modified.

To this end, according to the present method, system and
device, said sunlight retransmitting satellite is remarkable in
that it comprises at least one set of the following on-board
members:

a first optical assembly being intended for collecting sun-
light, and the position of which is stationary with respect
to the structure of the satellite;

a second optical assembly smaller in size and inertia than
said first optical assembly, being intended for retrans-
mitting the light collected by said first optical assembly
with a higher density of the retransmitted flux than the
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collected flux density, and the orientation of which is
able to be modified with respect to the structure of the
retransmitting satellite so as to modify the direction of
the axis according to which light is retransmitted;

remotely controllable means, being capable of adjusting
the orientation of said second optical assembly; and

light transmitting means being formed so as to transmit
from said first optical assembly to said second optical
assembly, whatever the orientation of the latter, any light
collected by said first optical assembly.
Thus, thanks to the separation of the light collecting func-
tion (implemented by said first optical assembly) and the light
retransmitting function (implemented by said second optical
assembly), and thanks to the light being concentrated (to be
described below), it is possible to differently achieve such two
optical assemblies, and this, according to optimal character-
istics for the aim to be reached, that is retransmitting light on
large surface areas and being able to easily modify such areas,
as described below.
Indeed:
as, thanks to the present method, system and device, the
first optical assembly is only intended for collecting
sunlight, it should be simply directed to the sun and not
be reoriented, slight little frequent corrections of the
position and the orientation of the satellite being suffi-
cient. Thus, this first optical assembly can be achieved
with very high inertia and size so as to be able to collect
a large amount of sunlight; and

as, thanks to the present method, system and device, the
only function of the second optical assembly comprises
retransmitting the collected (and concentrated) sunlight,
it could be achieved with a much lower size and inertia
than those of said first optical assembly. This allows to
more easily modify the orientation thereof with respect
to the body of the satellite and to provide means capable
of adjusting, easily and at a low cost, the orientation of
the retransmitted sunlight. Thus, it is possible to easily
and rapidly change the area to be illuminated.

It should be noticed that the retransmitting satellite accord-
ing to the present method, system and device does not corre-
spond to a mere relay satellite with two optical assemblies.
Indeed, a mere relay satellite (that only resends the received
light as such) would require optical assemblies of the same
size, whereas, thanks to the present method, system and
device, the collected sunlight is concentrated before being
retransmitted, enabling to provide the above mentioned
advantageous characteristics.

In a particular embodiment, said retransmitting satellite
comprises filtering means for filtering the collected light so
that the second optical assembly retransmits the light only in
at least one predetermined frequency band. Preferably, said
filtering means are achieved from surface treatments and
from using appropriate materials for at least one of the fol-
lowing elements of the retransmitting satellite: the second
optical assembly and the light transmitting means.

Moreover, in a particular embodiment, said light transmit-
ting means comprise one of the following means:

a periscope;

a set of optical guides; and

at least one optical fibre.

The present method, system and device also relate to a
method for lighting up a particular area of a celestial body, in
particular of the Earth.

To this end, such a method is remarkable in that:

at least one sunlight retransmitting satellite, such as the

above mentioned one, is placed in orbit around the celes-
tial body;
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such a retransmitting satellite is oriented so that said first
optical assembly of said retransmitting satellite always
remains directed to the sun, at least when the retransmit-
ting satellite is travelling above a given region of said
celestial body, so as to be able to collect sunlight upon
such a travel; and

the orientation of said second optical assembly of the

retransmitting satellite is remotely adjusted, so that it
retransmits the collected sunlight onto an area to be litup
of the celestial body when the retransmitting satellite is
travelling above said region.

The present method, system and device further relate to a
system in space for reinforcing photosynthesis on Earth.

According to the present method, system and device, said
system in space comprises:

at least one sunlight retransmitting satellite, such as the

above mentioned one, being placed in orbit around the
Earth, being oriented so that said first optical assembly
of said retransmitting satellite always remains directed
to the sun, at least when it is travelling above a given
region of the Earth, so as to be able to collect sunlight
upon such a travel; and

a control center for said retransmitting satellite being pref-

erably provided on the Earth. Such a control center com-
prises, more specifically, controlling means being
capable to remotely adjust the orientation of said second
optical assembly of the retransmitting satellite and being
formed so as to adjust such an orientation such that the
retransmitting satellite retransmits the collected sunlight
on a given area of the Earth, when it is travelling above
such a region, with the aim to reinforcing photosynthesis
on this area.

It is known that currently, the activity of photosynthesis on
the Earth and in the sea is mainly dictated by the day/night
daily cycle and the winter/summer yearly cycle. In some
regions of the Earth globe, greenhouses are used for extend-
ing the growing periods for the plants. Such greenhouses are
heated and lit up by usual means, being most frequently fossil
fuel consumers. Some greenhouses are heated by energy
coming from cooling towers of nuclear plants and lit up with
the electricity from such plants. In all the cases, such green-
houses consume the energy produced in electric plants and
are practically dedicated to populations having available the
means required for building those greenhouses and supplying
them with energy.

Thanks to the above mentioned system according to the
present method, system and device, it is possible to reinforce
photosynthesis on any area of the Earth, using to this end a
gratis and freely available energy, i.e. sun energy.

In a preferred embodiment, said filtering means for the
retransmitting satellite are formed so as to filter the collected
light in order to retransmit the light within defined frequency
bands respectively around 450 nm and 660 nm, correspond-
ing to the light frequencies used for photosynthesis. Thus,
only that part of the sun spectrum useful for the photosynthe-
sis of plants and seaweed is retransmitted to the Earth. This
enables to improve the growth of plants and seaweed, without
however proportionally increasing the doses of ultraviolet
and infrared radiation received on the ground.

Furthermore, advantageously, said controlling means for
the control center comprise:

a calculation unit for determining control orders intended

for the adjusting means for the orientation of said second
optical assembly of the retransmitting satellite; and
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data emitting means being formed so as to transmit said
control orders to said adjusting means, via cooperating
data receiving means being mounted on the retransmit-
ting satellite.
Furthermore, advantageously, said system also comprises
a service center transmitting to said controlling center cus-
tomers’ requests, relating to reinforcing photosynthesis on at
least one particular area of the Earth. Such customers could
be, for example, farming companies or co-operatives plan-
ning to increase their crops, while reinforcing photosynthesis,
including at night, on their cultivated grounds.

BRIEF DESCRIPTION OF THE FIGURES

The FIGS. ofthe appended drawing will better explain how
the present method, system and device can be implemented.
In these FIGS., like reference numerals relate to like compo-
nents

FIG. 1 schematically shows a system according to the
present method, system and device for lighting up an area of
a celestial body, including of the Earth, in particular for rein-
forcing photosynthesis therein.

FIG. 2 schematically shows a sunlight retransmitting sat-
ellite according to the present method, system and device and
being part of such a system.

DETAILED DESCRIPTION

The system 1 according to the present method, system and
device and schematically shown on FIG. 1 is a system in
space being intended for lighting up with sunlight an area Z of
a celestial body T, including of the Earth.
To this end, said system 1 comprises at least one sunlight
retransmitting satellite 2, that it placed in orbit around such a
celestial body T.
According to the present method, system and device, such
a satellite 2 comprises, as shown, in particular, on FIG. 2:
an optical assembly 3 being oriented according to a (col-
lecting) axis 4 being always directed to the sun S when
the satellite 2 is travelling above a given region RE ofthe
celestial body T, in order to be able to collect directly
sunlight in the form of a sun radiation R1. The position
of said optical assembly 3 with high size and inertia is
stationary with respect to the structure (or body) 5 of the
satellite 2;

an optical assembly 6 with much lower size and inertia than
those of said optical assembly 3. Such an optical assem-
bly 6 is oriented according to an axis 7 being directed
toward the celestial body T in order to retransmit, in the
form of a radiation R2, the light collected by said optical
assembly 3, upon the travel above the region RE (corre-
sponding for example to a part of a country). Such light
is retransmitted with a flux density that is much higher
than the collected radiation flux density R1, as a result of
a concentration of the light occurring on the satellite 2,
as described below. Furthermore, the orientation of the
optical assembly 6 is able to be modified with respect to
the structure 5 of the satellite 2 so as to modify the
(pointing) direction of the axis 7 according to which the
light is retransmitted;

means 8 that are remotely controllable, as described below,

and being capable of adjusting (that is, modifying) the
orientation (of axis 7) of said optical assembly 6, as
illustrated by a link 9 in mixed lines; and

light transmitting means 10 that are formed so as to trans-

mit from the optical assembly 3 to the optical assembly
6, whatever the orientation thereof, any light collected
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by the optical assembly 3 with a view to it being retrans-
mitted by the optical assembly 6, as illustrated by a
radiation Ri.

In addition to said retransmitting satellite 2, said system 1
further comprises a control center 11 for such aretransmitting
satellite 2, preferably being provided on the Earth T. Such a
control center 11 comprises, more particularly, controlling
means 12 being able to adjust remotely the orientation of said
optical assembly 6 of the retransmitting satellite 2 and being
formed so as to adjust such an orientation such that the
retransmitting satellite 2 retransmits sunlight (according to
the retransmission axis 7) on a given area Z of the Earth T,
when itis travelling above the region RE, in particular in order
to reinforce photosynthesis on this area Z (being, for example,
a cultivated area located in said region RE).

Thus, on the one hand, thanks to the light collecting func-
tion (implemented by said optical assembly 3) being sepa-
rated from the light retransmitting function (implemented by
said optical assembly 6), and on the other hand, to the light
being concentrated, the two optical assemblies 3 and 6 could
be achieved differently and this, according to optimum char-
acteristics for the aim to be reached, i.e. retransmitting sun-
light on at least one large surface area Z, that could further be
easily modified.

Indeed:

as the optical assembly 3 is only intended for collecting

sunlight, it should be simply directed to the sun S (upon
travelling above the region RE) and should not be reori-
ented, some slight little frequent corrections of the posi-
tion and the orientation of the satellite 2 being, however,
likely to be needed. Thus, it could be achieved with very
significant inertia and size so that it is able to collect a
large amount of sunlight; and

said optical assembly 6, having the mere function of

retransmitting the collected (and concentrated) sunlight
could be achieved according to much smaller size and
inertia as those of said optical assembly 3. This allows to
more easily modify the orientation thereof compared to
the body 5 of the satellite 2 and to provide means 8
capable of adjusting easily and at a reduced cost the
orientation of said optical assembly 6. Thus, it is pos-
sible to easily and rapidly change the orientation of the
axis 7 and thus, the location on the celestial body T of the
area 7 being lit up when the satellite 2 is travelling above
the region RE.

It should be noticed that the retransmitting satellite 2
according to the present method, system and device does not
correspond to a mere relay satellite with two optical assem-
blies. Indeed, a mere relay satellite (that only resends the
received light as such) would require optical assemblies of a
same size, whereas, by means of the present method, system
and device, the collected sunlight is concentrated before
being retransmitted, allowing to provide the above mentioned
advantageous characteristics.

Furthermore, in a particular embodiment, the retransmit-
ting satellite 2 comprises a plurality of optical assemblies 3
and/or a plurality of optical assemblies 6.

Said controlling means 12 of the control center 11 com-
prise:

a calculation unit 15 for determining control orders

intended for said means 8 for adjusting the orientation of
said optical assembly 6 of the retransmitting satellite 2;
and

data emitting means 13 being formed so as to transmit such

control orders to cooperating data receiving means 14
(being mounted on the retransmitting satellite 2) via an
electromagnetic wave link L, for example of the telem-
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etry and telecommand (TM-TC) type. The means 14
then transmit such control orders to said adjusting means
8.

Said control center 11 further comprises usual satellite
controlling means 16 cooperating more specifically with
means 17 of the satellite 2. Such means 17 could comprise in
particular a set of usual elements and functionalities of any
satellite, being more specifically intended for:

piloting the altitude and correcting the orbit OR of the

satellite 2;

supplying the necessary electric power; and

ensuring a reasonable thermal environment to the on-board

equipment.

In a preferred embodiment:

said optical assembly 3 comprises a first very large surface

mirror 19, being oriented to the sun S according to the
axis 4 and focusing (that is, making converge) the col-
lected light on a second mirror 20 being associated with
said light transmitting means 10; and

said optical assembly 6 comprises at least one similar set of

means 21 and 22 for retransmitting the collected light,
i.e. a first mirror 21 (with a smaller surface than the
mirror 19) being oriented to the celestial body T accord-
ing to the axis 7 and receiving the light from a second
mirror 22 being associated with said light transmitting
means 10 and making it diverge.

As the divergence implemented by the assembly 6 is less
significant that the convergence implemented by the assem-
bly 3, the sunlight is much concentrated in the retransmitted
radiation R2 than in the collected radiation R1, that is, has a
much higher flux density.

The transmission of the light from the optical assembly 3
occurs by means of usual elements being part of said means
10. Such means 10 preferably comprise one of the following
means:

a periscope;

a set of optical guides; and

at least one optical fibre.

Said mirrors 21 and 22 could be made in several parts in a
material such as silicon carbide, withstanding the high tem-
peratures resulting from the expected high flux density.

In a particular embodiment, said retransmitting satellite 2
comprises filtering means 30 for filtering the collected light
so that the optical assembly 6 retransmits the light only in at
least one predetermined frequency band. Preferably, said fil-
tering means are obtained from surface treatments made on
mirrors being used, more specifically of the optical assembly
6, and from using appropriate materials for the light transmit-
ting means 10.

The system 1 according to the present method, system and
device is thus particularly well appropriate for lighting up a
particular area Z of any celestial body T, in particular of the
Earth, but also of the Moon for example. In a particular
embodiment, said system 1 comprises a plurality of retrans-
mitting satellites 2 such as the above described one, rotating
around the celestial body T, either on a same orbit OR or on
different orbits.

In a preferred, but not exclusive, embodiment, said system
1 is intended for illuminating an area Z of the Earth T so as to
reinforce photosynthesis therein.

In such a preferred embodiment, the control means 12 are
intended for adjusting remotely the orientation of said optical
assembly 6 for the retransmitting satellite 2 so that said
retransmitting satellite 2 retransmits the collected sunlight on
a given area Z of the Earth T, when travelling above a par-
ticular region RE, with the aim at reinforcing photosynthesis
on this area Z.
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The system 1 according to this preferred embodiment is
thus able to produce a complementary lighting up and thereby
to reinforce photosynthesis on any area Z of the Earth T,
using, for this purpose, a gratis and freely available energy,
that is sun energy.
In such a preferred embodiment, said filtering means ofthe
retransmitting satellite 2 are formed so as to retransmit light in
defined frequency bands respectively around 450 nm and 660
nm, corresponding to the light frequencies used by photosyn-
thesis. Thus, only that part of the sun spectrum useful for the
photosynthesis of plants and/or seaweed is retransmitted to
the Earth. This allows the growth of plants and/or seaweed to
be improved without however proportionally increasing the
doses of ultraviolet and infrared radiation received on the
ground.
Furthermore, said system 1 also comprises a service center
32 transmitting to said control center 11 requests from cus-
tomers relating to reinforcing photosynthesis on particular
areas of the Earth T. Such customers could be, for example,
farming companies or co-operatives planning to increase
their crops, while reinforcing photosynthesis, (including by
night), on their cultivated grounds. In this preferred embodi-
ment, the system 1 thus allows to generate an additional
development of farming or aquaculture activities.
Said service center determines the operation schedule of
the satellite(s) 2 and ensures the follow-up of the service and
the corresponding billing. Such a service center could be
located at the control center 11.
The invention claimed is:
1. A method for reinforcing photosynthesis on the Earth
comprising:
placing a retransmitting satellite in orbit around the Earth,
comprising at least one set of on-board elements;

providing a first optical assembly to collect sunlight, the
first optical assembly being fixed with respect to a struc-
ture of said retransmitting satellite;
providing a second optical assembly on said retransmitting
satellite, said second optical assembly being smaller in
size and inertia than said first optical assembly, said
second optical assembly being configured to retransmit
the light collected by said first optical assembly with a
higher density of retransmitted flux than an originally
collected flux density, and an orientation of said second
optical assembly is adjustable with respect to the struc-
ture of the retransmitting satellite;
providing remotely controllable equipment programmed
to adjust the orientation of said second optical assembly;

providing a light transmitter to transmit light collected by
said first optical assembly to said second optical assem-
bly at whatever the orientation of the second optical
assembly; and
providing a filter for filtering the collected light so that the
second optical assembly retransmits the light only in
frequency bands of around 450 nm to 660 nm;

orienting the retransmitting satellite so that said first opti-
cal assembly always remains directed to the Sun, at least
when the retransmitting satellite is travelling above a
given region of the Earth where the Sun is visible so as to
be able to collect sunlight upon such a travel; and

orienting said second optical assembly to directly retrans-
mit the collected sunlight on a given area of the Earth,
upon its travel above said given area; and

reinforcing photosynthesis on the given area of the Earth

with the collected sunlight in frequency bands of around
450 nm to 660 nm.

2. The system according to claim 1, further comprising a

service center transmitting to a control center requests from
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customers, relating to reinforcing photosynthesis on at least
one particular area of the Earth.

3.The system according to claim 1, wherein the first optical
assembly comprises modular mirrors.

4. The system according to claim 3, wherein the modular
mirrors are silicon carbide mirrors.

5.The system according to claim 1, wherein the first optical
assembly comprises a first set of mirrors positioned to focus
collected light on a second mirror in order to increase the flux
density of the light.

6. The system according to claim 1, wherein the second
optical assembly further comprises a periscope, a set of opti-
cal guides, and at least one optical fiber.

7. The method according to claim 1, further comprising
providing a control center for said retransmitting satellite,
said control center comprising control equipment configured
for remotely adjusting the orientation of said second optical
assembly of the retransmitting satellite to directly retransmit
the collected sunlight on a given area of the Earth, upon its
travel above such a region, with the aim at reinforcing pho-
tosynthesis on said area of the Earth.

8. The method according to claim 7, wherein the control
equipment comprises an electromagnetic wave link for trans-
mitting orders to control the first optical assembly.

9. The method according to claim 8, wherein the electro-
magnetic wave link is a telemetry-telecontrol electromag-
netic wave link.

10. A system in space for reinforcing photosynthesis on the
Earth, said system comprising:

a retransmitting satellite comprising:

a first optical assembly for collecting sunlight, said first
optical assembly being fixed to a structure of said
retransmitting satellite;

a second optical assembly positioned on the retransmitting
satellite, the second optical assembly being smaller in
size and inertia than said first optical assembly, said
second optical assembly being configured for retrans-
mitting the light collected by said first optical assembly
with a higher density of retransmitted flux than an origi-
nally collected flux density, and an orientation of said
second optical assembly is adjustable with respect to a
structure of the retransmitting satellite;

a light transmitter to transmit light collected by said first
optical assembly to said second optical assembly, what-
ever the orientation of the second optical assembly; and

a filter for filtering the collected light so that the second
optical assembly retransmits the light only in frequency
bands of around 450 nm to 660 nm;
said retransmitting satellite being placed in orbit around

the Earth, and oriented with said first optical assembly
directed to the sun, at least upon its travel above a
given region of the Earth, so as to be able to collect
sunlight upon the travel;

remotely controllable equipment programmed to adjust the
orientation of said second optical assembly; and

a control center of said retransmitting satellite, said control
center comprising control equipment configured for
remotely adjusting the orientation of said second optical
assembly of the retransmitting satellite to directly
retransmit the collected sunlight in frequency bands of
around 450 nm to 660 nm on a given area of the Farth,
upon its travel above the given area, to reinforce photo-
synthesis on said area given of the Earth.

11. The system according to claim 10, wherein said filter of

the retransmitting satellite are achieved from surface treat-
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ments and from using appropriate materials for at least one of
the following elements: the second optical assembly and the
light transmitter.

12. The system according to claim 10, wherein the light

transmitter of the retransmitting satellite comprise:

a periscope;

a set of optical guides; and

at least one optical fibre.

13. The system according to claim 10, wherein said control

equipment of the control center comprises:

a calculation unit for determining control orders to be
transmitted to said control equipment for adjusting the
orientation of said second optical assembly of the
retransmitting satellite; and

a data emitter configured to transmit said control orders to
said control equipment, via a cooperating data receiver
being mounted on the retransmitting satellite.

14. The system according to claim 10, further comprising a

service center transmitting to said control center requests
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from customers, relating to reinforcing photosynthesis on at
least one particular area of the Earth.

15. The system according to claim 10, wherein the first
optical assembly comprises modular mirrors.

16. The system according to claim 15, wherein the modular
mirrors are silicon carbide mirrors.

17. The system according to claim 10, wherein the first
optical assembly comprises a first set of mirrors positioned to
focus collected light on a second mirror in order to increase
the flux density of the light.

18. The system according to claim 10, wherein the second
optical assembly further comprises receiving equipment
comprising a mirror for receiving light transmitted from the
first optical assembly.

19. The system according to claim 10, wherein the control
equipment comprises an electromagnetic wave link for trans-
mitting orders to control the first optical assembly.

20. The system according to claim 19, wherein the electro-
magnetic wave link is a TM-TC electromagnetic wave link.
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